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(54) Optical pickup device for reproducing optical disks of different types 



(57) An optical pickup device includes a light source 
(1) which emits a laser beam to an optical disk. An 
objective lens (5) converts the emission beam into a 
converging beam, the converging beam passing 
through a transparent layer of the optical disk and form- 
ing a light spot on a recording surface of the optical disk. 
A photodetecting unit (8) generates a read-data signal 
based on a reflection beam from the optical disk. A 
beam converting unit converts a reflection beam 
directed to the photodetecting unit such that the reflec- 
tion beam is allowed to enter the photodetecting unit 
when a first optical disk is accessed, and a central por- 
tion of the reflection beam is allowed to enter the photo- 
detecting unit and a peripheral portion of the reflection 
beam is inhibited from entering the photodetecting unit 
when a second optical disk is accessed. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention s 

The present invention relates to an optical pickup 
device which detects a reflection beam from an optical 
disk and generates a read-data signal based on the 
reflection beam. 10 

(2) Description of the Related Art 

A conventional optical pickup device for reading out 
data from an optical disk is known. In the conventional 75 
optical pickup device, a laser beam is emitted by a sem- 
iconductor laser to the optical disk. The emission beam 
from the semiconductor laser is converted into a con- 
verging beam by an objective lens, the converging 
beam passing through a transparent layer of the optical 20 
disk and forming a light spot on a recording surface of 
the optical disk. In the optical pickup device, a photode- 
tecting unit generates a signal indicative of read-out 
data by detecting a reflection beam from the optical 
disk. 25 

In recent years, optical disks such as compact disks 
(CD) are widely used to store information and repro- 
duce the information. In the near future, two different 
types of the optical disks will come to be popular: a 
standard recording-density optical disk and a high 30 
recording-density optical disk. One of the basic require- 
ments for these optical disks is that the standard record- 
ing-density type has a transparent layer which is about 
1 .2 mm thick, and the high record ng-density type has a 
transparent layer which is about 0.6 mm thick. 35 

It is desirable to provide an optical pickup device 
which can access the standard recording-density opti- 
cal disk and the high recording-density optical disk in 
common by using the same pickup device, in order to 
enable data to be read out from each of the two optical 40 
disks. 

Generally, in the optical pickup device, an emission 
beam from the semiconductor laser is converted into a 
converging beam by the objective lens, the converging 
beam passing through the transparent layer of the opti- 45 
cal disk and forming a light spot on the recording sur- 
face of the optical disk. When the standard recording- 
density optical disk is accessed, the diameter of the light 
spot has to be about 1 .5 urn. When the high recording- 
density optical disk is accessed, the diameter of the light so 
spot has to be about 0.95 urn. 

Since the diameter of the light spot on the recording 
surface of each of the two optical disks requires a high 
accuracy, it is necessary that optical characteristics 
(e.g.. spherical aberration) of the objective lens be suit- 55 
ably preset depending on the thickness of the transpar- 
ent layer of each of the two optical disks. 

In order to provide an optical pickup device capable 
of suitably accessing both the two optical disks, it is con- 
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ceivable that the optica! characteristics of the objective 
lens are preset depending on the smaller thickness of 
the transparent layer of the high recording-density opti- 
cal disk. 

When the high recording -density optical disk is 
accessed by using the above objective lens, the con- 
verging beam from the objective lens can correctly pass 
through the transparent layer (the thickness: about 0.6 
mm) of the optica! disk and form a light spot which is 
suited to the requirement for the high recording-density 
type. 

However, when the standard recording-density opti- 
ca! disk is accessed, the converging beam from the 
above objective lens cannot suitably pass through the 
transparent layer (the thickness: about 1 .2 mm) of the 
optical disk and form a light spot which is suited to the 
standard recording-density optical disk. In particular, 
the converging beam from the above objective lens 
does not converge on the recording surface of the 
standard recording-density optical disk. Since the 
spherical aberration is poor due to the different thick- 
ness of the transparent layer of the optical disk, a suita- 
bly focused light on the recording surface of the optical 
disk is not formed. 

In a conventional method for eliminating the prob- 
lem of the above-mentioned optical pickup device, an 
aperture unit with an opening is placed on an optical 
path of the emission beam from the objective lens to the 
optical disk when the standard recording-density optical 
disk is accessed. The aperture unit has not to be placed 
when the high recording-density optical disk is 
accessed. When the standard recording-density optical 
disk is accessed, the aperture unit is placed on the opti- 
cal path of the emission beam. This allows a desired 
portion of the converging beam from the objective lens 
to be directed to the optical disk, but inhibits an unde- 
sired portion of the converging beam from entering the 
optical disk, so as to avoid the above-described prob- 
lem. 

However, when an optical pickup device in which 
the above method is incorporated for practical use is 
taken into consideration, the position at which the aper- 
ture unit is placed on the optical path of the emission 
beam requires a very high accuracy. In order to meet 
this requirement, it is necessary that the above optical 
pickup device include an aperture moving mechanism 
which very accurately moves the aperture unit onto the 
optical path of the emission beam. When the above 
optical pickup device is produced, an additional process 
for producing the aperture moving mechanism must be 
performed. Further, the aperture moving mechanism 
and the aperture unit must require a very high accuracy 
of the assembly. Therefore, the above-described optical 
pickup device is not useful to reduce the cost of the opti- 
cal pickup device or allow efficient production processes 
thereof. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
improved optical pickup device in which the above- 
described problems are eliminated. s 

Another object of the present invention is to provide 
an optical pickup device which can effectively access 
each of first and second optical disks having transpar- 
ent layers with different thicknesses in order to provide 
a capability for the optical pickup device to generate a 10 
read-data signal from each of the two optical disks of 
different types by using the same device. 

Still another object of the present invention is to 
provide an optical pickup device which can effectively 
read out data from each of the two optical disks by using is 
a simple structure which is useful to reduce the cost or 
allow an efficient manufacture of the optical pickup 
device. 

The above-mentioned objects of the present inven- 
tion are achieved by an optical pickup device for access- 20 
ing each of a first optical disk having a transparent layer 
with a f irst thickness and a second optical disk having a 
transparent layer with a second, greater thickness, the 
optical pickup device comprising: a light source which 
emits a laser beam to an optical disk; an objective lens 25 
which converts the emission beam from the light source 
into a converging beam, the converging beam passing 
through a transparent layer of the optical disk and form- 
ing a light spot on a recording surface of the optical disk, 
the objective lens having optical characteristics which 30 
are preset depending on the first thickness of the first 
optical disk; a photodetecting unit which generates a 
read-data signal based on a reflection beam from the 
optical disk; and a beam converting unit which converts 
a reflection beam directed to the photodetecting unit 35 
such that the reflection beam is allowed to enter the 
photodetecting unit when the first optical disk is 
accessed, and a central portion of the reflection beam is 
allowed to enter the photodetecting unit and a periph- 
eral portion of the reflection beam is inhibited from 40 
entering the photodetecting unit when the second opti- 
cal disk is accessed. 

It is possible for the optical pickup device of the 
present invention to effectively access each of first and 
second optical disks having transparent layers with dif- 45 
ferent thicknesses without producing an undesired 
reduction of the amplitude of the signal generated by 
the photodetecting unit. Further, it is possible for the 
present invention to provide a capability for the optical 
pickup device to effectively generate a read-data signal so 
from each of the two optical disks by using the same 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings in which: 
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FIGS.1 A through 1F are diagrams showing an opti- 
cal pickup device to which one embodiment of the 
present invention is applied; 
FIGS.2A and 2B are diagrams showing cross-sec- 
tional distributions of intensity of a reflection beam 
when a standard-recording-density optical disk is 
accessed; 

FIG.3 is a diagram which is useful for explaining a 
change in the amplitude of a signal generated by a 
photodiode when a position of a light spot on a track 
of the optical disk is moved; 
FIGS.4A and 4B are diagrams which are useful for 
explaining a liquid-crystal shutter which is used as 
an aperture unit in another embodiment; 
FIG.5 is a diagram which is useful for explaining an 
aperture unit having a rectangular opening extend- 
ing in a direction parallel to a track of the optical 
disk; 

FK3S.6A, 6B and 6C are diagrams which are useful 
for explaining an operation of the aperture unit in 
FIG.5; 

FIGS. 7 A and 7B are diagrams showing a portion of 
an optical pickup device in another embodiment of 
the present invention; 

FIGS.8A through 8E are diagrams showing a por- 
tion of an optical pickup device in still another 
embodiment of the present invention; 
FIGS.9A. 9B and 9C are diagrams showing a por- 
tion of an optical pickup device in a further embodi- 
ment of the present invention; 
FIGS. 1 0A and 10B are diagrams showing a portion 
of an optical pickup device in another embodiment 
of the present invention; 

FIGS.1 1 A and 1 1 B are diagrams showing an opti- 
cal pickup device to which a further embodiment of 
the present invention is applied; 
FIG. 12 is a diagram showing a polarization holo- 
gram of the optical pickup device in FIG.1 1 B; 
FIGS.13A and 13B are diagrams showing another 
polarization hologram and another photodetecting 
unit for use in the optical pickup device in FIG.1 1 B; 
FIG. 14 is a diagram showing a further polarization 
hologram and a further photodetecting unit for use 
in the optical pickup device in FIG.1 1B; 
FIGS. 15 and 16 are diagrams which are useful for 
explaining variations of the optical pickup device in 
FIG.11B; 

FIG. 17 is a diagram showing a further light emis- 
sion/detection unit for use in the optical pickup 
device in FIG.1 1B; 

FIG. 18 is a diagram showing a distribution of light 
intensity of a recording surface when a light spot on 
the recording surface of the standard recording- 
density optical disk; and 

FIG. 19 is a diagram showing a further polarization 
hologram for use in the optical pickup device in 
FIG.11B. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A description will now be given of the preferred 
embodiments of the present invention with reference to 
the accompanying drawings. 

FIGS.1 A through 1F show an optical pickjp device 
to which one embodiment of the present invention is 
applied. 

Referring to FiG.IA, an emission beam emitted by 
a laser diode (or a semiconductor laser) 1 is converted 
into a parallel beam by a collimator lens 2. The parallel 
beam passes through a beam splitter 3. and it is 
deflected by a deflection prism 4 to an optical disk. The 
deflected beam from the deflection prism 4 is converted 
into a converging beam by an objective lens 5. The con- 
verging beam from the objective lens 5 passes through 
a transparent layer of the optical disk, and a light spot on 
the recording surface of the optical disk is formed. 

A reflection beam from the optical disk passes 
through the objective lens 5, and it is deflected by the 
deflection prism 4 to the beam splitter 3. The reflection 
beam from the deflection prism 4 is reflected by the 
beam splitter 3 to an aperture unit 9. The reflection 
beam passed through the aperture unit 9 is converted 
into a converging beam by a detecting lens 7. The con- 
verging beam from the detecting lens 7 enters a photo- 
diode 8. The photodiode 8 generates a signal indicative 
of read-out data based on the reflection beam from the 
optical disk. As described above, the reflection beam 
passes through the aperture unit 9 between the beam 
splitter 3 and the detecting lens 7. 

The optical disk shown in FIG.1A is a high-record- 
ing-density optical disk 6A having a recording surface 
60 and a first transparent layer. The first transparent 
layer is about 0.6 mm thick. 

FIG.1 B shows a standard-recording -density optical 
disk 6B. The standard-recording-density optical disk 6B 
has a recording surface 61 and a second transparent 
layer. The second transparent layer is about 1.2 mm 
thick. The thickness of the second transparent layer of 
the optical disk 6B is greater than the thickness of the 
first transparent layer of the optical disk 6A. 

FIG.1 C shows the aperture unit 9 of the optical 
pickup device in FIG.1 A. The aperture unit 9 in the 
present embodiment is a light-shading plate having a 
circular opening 9A. The light-shading plate is indicated 
by hatching lines in FIG.1 C. 

In the optical pickup device of the present embodi- 
ment, when the optical disk 6B is accessed, the aper- 
ture unit 9 in F1G.1C is placed on the optical path 
between the beam splitter 3 and the detecting lens 7. At 
this time, the aperture unit 9 is set in a light-shading 
condition in which a peripheral portion of the reflection 
beam from the beam splitter 3 is cut off by the light- 
shading plate of the aperture unit 9. A central portion of 
the reflection beam passes through the opening 9A of 
the aperture unit 9 to the photodiode 8. 

On the other hand, when the optical disk 6A is 



accessed, the aperture unit 9 is set in a non-shading 
condition. At this time, both the central portion and the 
peripheral portion of the reflection beam are allowed to 
pass through the aperture unit 9 to the photodiode 8. 

5 Accordingly, the aperture unit 9 converts the reflec- 

tion beam directed to the photodiode 8 such that the 
central portion and the peripheral portion of the reflec- 
tion beam are allowed to enter the photodiode 8 when 
the optical disk 6A is accessed, and the central portion 

to is aiiowed io enter the photodiode 8 and the peripheral 
portion is inhibited from entering the photodiode 8 when 
the optical disk6B is accessed. 

In the optical pickup device of the present embodi- 
ment, a focus error detecting unit which outputs a focus 

is error signal and/or a tracking error detecting unit which 
outputs a tracking error signal are provided. These 
detecting units output the error signals separately from 
a read-data signal generated by the photodiode 8 based 
on the reflection beam from the optical disk. However, in 

20 the present embodiment, the focus error detecting unit 
and the tracking error detecting unit are not shown in 
FIG.1 A and a description thereof will be omitted for the 
sake of convenience. 

The high-recording-density optical disk 6A has, as 

25 shown in FIG.1 D, the recording surface "60 and the first 
transparent layer. In the optical disk 6A, the emission 
beam from the objective lens 5 passes through the first 
transparent layer to the recording surface 60, and the 
distance that the emission beam has to transmit for the 

30 optical disk 6A is the thickness of the first transparent 
layer which is about 0.6 mm. 

The optical characteristics of the objective lens 5 in 
the present embodiment are set depending on the thick- 
ness of the first transparent layer of the optical disk 6A. 

35 Therefore, when the optical disk 6A is accessed, the 
emission beam is converted into a converting beam by 
the objective lens 5. and a light spot on the recording 
surface 60 of the optical disk 6 A is correctly formed, as 
shown in FK3.1D. 

40 The standard-recording-density optical disk 6B has, 
as shown in FIG.1E, the recording surface 61 and the 
second transparent layer. In the optical disk 6B t the 
emission beam from the objective lens 5 passes 
through the second transparent layer to the recording 

45 surface 61, and the distance that the emission beam 
has to transmit for the optical disk 6B is the thickness of 
the second transparent layer which is about 1 .2 mm. 

As shown in FIG.1E, when the optical disk 6B is 
accessed, a central portion of the emission beam near 

so the optical axis is converted into a converting beam by 
the objective lens 5, and it is converging on the record- 
ing surface 61 of the optical disk6B. However, a periph- 
eral portion of the emission beam from the objective 
lens 5 does not sufficiently converge on the recording 

55 surface 61 of the optical disk 6B. 

FIG.1 F shows a light spot "SP" which is formed on 
the recording surface 61 of the optical disk 6B by the 
emission beam from the objective lens 5. As shown in 
FIG.1F, a central area "SP1 " of the light spot SP is pro- 
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duced by the centra! portion (the converging portion) of 
the emission beam from the objective lens 5. The inten- 
sity of the central area SP1 is relatively great. A periph- 
eral area "SP2" of the light spot SP is produced by the 
peripheral portion (the non-converging portion) of the 
emission beam from the objective lens 5. In the light 
spot SP, the central area SP1 is surrounded by the 
peripheral area SP2. The intensity of the peripheral 
area SP2 is relatively small. When the optical disk 6B is 
accessed, thelight spot SP on the recording surface 61 
of the optical disk 6B becomes "imprecise" in the 
peripheral area SP2. 

As shown in FIG. IE, when the optical disk 6B is 
accessed, the peripheral portion of the emission beam 
from the objective lens 5 forms the non-converging por- 
tion of the light spot on the recording surface 61 of the 
optical disk 6B. Similarly to the emission beam, the 
reflection beam from the recording surface 61 of the 
optical disk 6B also includes a peripheral portion, and 
such a peripheral portion of the reflection beam passes 
through the objective lens 5 to the photodiode 8. 

FIGS.2A and 2B show cross-sectional distributions 
of intensity of the reflection beam when the standard- 
recording -density optical disk 6B is accessed by the 
optical pickup device. In FIGS.2A and 2B, the intensity 
of the reflection beam for white areas (with no dot indi- 
cated) is very small, and the intensity of the reflection 
beam for dotted areas is varied in proportion with the 
density of dots indicated. The intensity of the reflection 
beam for areas in which the dot density in FIGS.2A and 
2B is small is relative small, and the intensity of the 
reflection beam for areas in which the dot density in 
FIGS.2A and 2B is great is relatively great 

More specifically, the intensity of the reflection 
beam has the cross-sectional distribution, shown in 
FIG.2A, when the light spot SP is located at an interval 
between pits on a track of the optical disk 6B. The inten- 
sity of the reflection beam has the cross-sectional distri- 
bution, shown in FK3.2B, when the light spot SP is 
located at the center of a pit on the track of the optical 
disk 6B. Concerning a distribution of the light intensity of 
the recording surface of the optical disk 6B when the 
light spot is formed thereon, refer to FIG. 1 8. 

As shown in FIG.2A, when the light spot SP is 
located at the interval on the track of the optical disk 6B, 
there are several areas 2A with a relatively great inten- 
sity in the peripheral portion of the reflection beam. 
These areas 2A serve to produce noises in the read- 
data signal when it is generated by the photodiode 8. 

When the position of the light spot SP on the track 
of the optical disk 6B is moved from the interval to the 
center of the pit, the cross-sectional distribution of the 
intensity of the reflection beam is changed from the con- 
dition in FIG.2A to the condition in FIG.2B. The position 
of the light spot SP is further moved to a next interval on 
the track of the optical disk 6B. 

As shown in FIG.2B, when the light spot SP is 
located at the center of the pit on the track of the optical 
disk 6B, there is no area 2A with the relatively great 



intensity in the reflection beam, and the intensity of the 
reflection beam for the central portion only is relatively 
great. Therefore, the difference in the intensity of the 
reflection beam between the condition in FIG.2A and 

5 the condition in FIG.2B is relatively small. 

F1G.3 shows a change in the amplitude of a signal 
generated by a photodetector when the position of the 
light spot SP on the track of the optical disk 6B is moved 
from the interval to the interval via the center of the pit. 

10 When the position of the light spot SP on the track 
of the optical disk 6B is moved, the amplitude of the sig- 
nal is changed as indicated by a curve "2-1" in FK3.3. 
The amplitude of the signal is the smallest (or the lower 
peak) when the tight spot SP is located at the center of 

rs the pit, and it is the greatest (or the upper peak) when 
the light spot SP is located at the interval. A difference 
"AMP1" between the upper peak and the lower peak on 
the curve "2-1 " in FIG.3 is relatively small. 

Therefore, if the aperture unit 9 is not placed on the 

20 optical path when the optical disk 6B is accessed, it is 
difficult for the optical pickup device to effectively read 
out the pit on the track of the optical disk 6B since the 
difference AMP1 in the amplitude of the signal is rela- 
tively small. 

25 In the present embodiment, since the aperture unit 
9 is placed on the optical path when the optical disk 6B 
is accessed, the areas 2A in the peripheral portion of 
the reflection beam are eliminated by the aperture unit 
9. Thus, when the position of the light spot SP on the 

30 track of the optical disk 6B is moved from the interval to 
the next interval via the center of the pit, the amplitude 
of the signal generated by the photodiode 8 is changed 
as indicated by a curve "2-2" in FIG.3. The difference 
between the upper peak and the lower peak on the 

35 curve "2-2" can be increased to a relatively great differ- 
ence "AMP2" as shown in FIG.3. 

The optical pickup device of the present invention 
utilizes the aperture unit 9 and it can "effectively read out 
the data from the standard-recording-density optical 

40 disk 6B. However, when the high-recording-density opti- 
cal disk 6A is accessed, the light spot on the recording 
surface of the optical disk 6A is correctly formed, but the 
amplitude of the signal generated by the photodiode 8 is 
reduced due to the aperture unit 9. 

45 In order to eliminate the above-mentioned problem 
when the optical disk 6A is accessed, a waveform 
equalizer circuit may be added to the optical pickup 
device of the present embodiment The amplitude of the 
signal generated by the photodiode 8 can be electrically 

so corrected by the waveform equalizer circuit. 

In the optical pickup device of the present embodi- 
ment, the aperture unit 9 is arranged at a fixed position 
relative to the optical pickup device. 

In the optical pickup device of the present embodi- 

55 ment. a setting unit 10 connected to the aperture unit 9 
is further included. In FIG.1, the setting unit 10 is indi- 
cated by a dotted line, which shows that the setting unit 
10 may or may not be used by the optical pickup device 
of the present embodiment. If the setting unit 1 0 is used, 
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the setting unit 10 sets the aperture unit 9 in one of a 
first condition (the non-shading condition) in which the 
central portion and the peripheral portion of the reflec- 
tion beam directed to the photodiode 8 are allowed to 
enter the photodiode 8 and a second condition (the s 
light-shading condition) in which the peripheral portion 
is inhibited from entering the photodiode 8 and only the 
central portion is allowed to enter the photodiode 8. 

When the optical disk 6A is accessed, the setting 
unit 1 0 sets the aperture unit 9 in the first condition, and 10 
the central portion and the peripheral portion are not 
shaded by the light-shading plate of the aperture unit 9 
and they are allowed to pass through the opening 9A to 
the photodiode 8. When the optical disk6B is accessed, 
the setting unit 1 0 sets the aperture unit 9 in the second is 
condition, and the peripheral portion is shaded by the 
light-shading plate but the central portion is allowed to 
pass through the opening 9A to the photodiode 8. 

Since the difference in the amplitude of the signal 
generated by the photodiode 8 for each of the optical 20 
disk 6B and the optical disk 6A can be maintained at the 
relatively great level "AMP2", the optical pickup device 
of the present embodiment can effectively read out the 
data from each of the optical disk 6B and the optical disk 
6A. 25 

According to the present invention, several varia- 
tions of the aperture unit 9 and the setting unit 10 of the 
above-described embodiment may be made. Typical 
examples of the aperture unit 9 and the setting unit 10 
for practical use will be described in the following. 30 

As shown in FIG.1C, the aperture unit 9 has the 
light-shading plate with the opening 9A. The setting unit 
10 is a moving mechanism for moving the light-shading 
plate of the aperture unit 10. When the optical disk 6B is 
accessed, the light-shading plate is placed on an optical 35 
path of the reflection beam directed to the photodiode 8. 
thereby the light-shading place inhibiting the peripheral 
portion from entering the photodiode 8. 

The moving mechanism mentioned above may be a 
solenoid-actuation type which is capable of shifting the 40 
light-shading plate by using an actuation force of a sole- 
noid coil, or a motor-drive type which is capable of rotat- 
ing or swinging the light-shading plate by using a driving 
force of a motor. 

In the above-described embodiment, the positional 45 
relation between the opening of the aperture unit 9 and 
the reflection beam must be accurately set. However, 
the accuracy of the positional relation when the light- 
shading plate is placed on the optical path of the reflec- 
tion beam directed to the photodiode 8 is lower than the so 
accuracy of the positional relation when an aperture unit 
is placed on the optical path of the emission beam 
directed to the optical disk as in the conventional device. 
In the above-described embodiment, the accuracy of 
the positional relation can be reduced to a reasonable ss 
level. 

FIGS.4A and 4B show a liquid-crystal shutter 90 
which is used as another example of the aperture unit 9. 
In FIGS.4A and 4B, reference numeral 100 indicates the 



reflection beam which is directed to the photodiode 8 by 
the beam splitter 3. A portion of the liquid-crystal shutter 
90 which is set in an opaque conditi: is indicated by 
hatching lines in FIG.4A. In FfG.4B : liquid-crystal 
shutter 90 which is set in a transparent --condition is indi- 
cated. 

As shown in FIGS.4A and 4B, the liquid-crystal 
shutter 90 has an opening, and the liquid-crystal shutter 
90 is electrically set in one of the transparent condition 
(FIG.4B) and the opaque condition (FIG.4A). When the 
optical disk 6A is accessed, the liquid-crystal shutter 90 
is electrically set in the transparent condition, and the 
central portion and the peripheral portion of the reflec- 
tion beam 100 are allowed to pass through the shutter 
90 to the photodiode 8. When the second optical disk 
6B is accessed, the liquid-crystal shutter 90 is set in the 
opaque condition, and the peripheral portion is inhibited 
by the shutter 90 from entering the photodiode 8 and 
only the central portion is allowed to pass through the 
opening to the photodiode 8. 

In the embodiments in FIGS.1C, 4A and 4B, each of 
the aperture unit 9 and the liquid-crystal shutter 90 has 
the opening shaped into a circle. However, the aperture 
unit 9 of the present invention is not limited to these 
embodiments. An aperture unit having a light-shading 
plate with an opening, the opening being shaped into an 
ellipse, may be suitably used by the optical pickup 
device of the present invention. 

FIG.5 shows an aperture unit 91 which is an alter- 
native of the aperture unit 9 for use in the optical pickup 
device in FIG.1 A. In FIG.5, a direction parallel to a track 
of the optical disk is indicated by an arrow "A*, and a 
direction perpendicular to the direction of the track of 
the optical disk is indicated by an arrow "B". 

As shown in FIG.5, the aperture unit 91 has a rec- 
tangular opening 91 A and a pair of upper and lower 
light-shading plates 91 B and 91 C on both sides of the 
opening 91 A. The opening 91 A extends in the direction 
"A" parallel to a track of the optical disk. The upper and 
lower light-shading plates 91 B and 91 C are arranged in 
the direction "B" perpendicular to the track of the optical 
disk. 

In the above aperture unit 91, the light-shading 
plates 91 B and 91 C cut off the peripheral portion of the 
reflection beam directed to the photodiode 8 when each 
of the optical disks 6A and 6B is accessed. The above 
aperture unit 91 has an advantageous feature which will 
be described below with reference to FIGS.6A, 6B and 
6C. 

FIG.6A shows the reflection beam 100 which is 
directed to the photodiode 8 when the optical disk 6A is 
accessed and the light spot of the corresponding emis- 
sion beam is located at the center of a pit of the optical 
disk 6A. At this time, areas with a relatively great inten- 
sity considerably influencing the generation of a read- 
data signal by the photodiode 8, which are indicated by 
hatching lines in FIG.6A, gather in the central portion of 
the reflection beam 100 only. 

FIG.6B shows the reflection beam 100 which is 
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directed to the photodiode 8 when the optical disk 6A is 
accessed and the light spot is located at the interval 
between pits of the optical disk 6A. At this time, areas 
with a relatively great intensity considerably influencing 
the generation of a read-data signal by the photodiode 5 

8, which are indicated hatching lines in FIG.6B, extend 
over the central portion to the peripheral portion of the 
reflection beam 100. Since the recording density of the 
optical disk 6A is high and the interval between the pits 
is small, the diffraction angles of the 0th and 1st order 10 
diffraction rays of the reflection beam 100 become 
great 

If the peripheral portion of the reflection beam 100 
is cut off by the aperture unit 9 having the circular open- 
ing 9A, as shown in FIG.6B, the amplitude of the read- 15 
data signal generated by the photodiode 8 when the 
light spot is located at the interval of the optical disk 6A 
is considerably reduced. Therefore, in such a case, the 
generation of the read-data signal by the photodetector 
8 when the optical disk 6A having the transparent layer 20 
with the smaller thickness is accessed is considerably 
influenced. 

As shown in FIG.6C, if the peripheral portion of the 
reflection beam 100 is cut off by the aperture unit 91 
having the rectangular opening 91 A and the light-shad- 25 
ing plates 91 B and 91 C, the undesired reduction of the 
amplitude of the read-data signal generated by the pho- 
todiode 8 when the light spot is located at the interval of 
the optical disk 6A can be avoided. This is because the 
areas with a relatively great intensity in the reflection 30 
beam 100 are not shaded by the aperture unit 91 of the 
present embodiment 

Accordingly, in the optical pickup device including 
the aperture unit 91 . it is possible to effectively read out 
data from the optical disk without producing the unde- 35 
sired reduction of the amplitude of the read-data signal 
generated by the photodetector 8 not only when the 
optical disk 6B is accessed but also when the optical 
disk 6A is accessed. 

The size of the opening for each of the aperture unit 40 

9, the liquid-crystal shutter 90, and the aperture unit 91 
can be suitably predetermined by using experimental 
results such that the generation of the read-data signal 
by the photodiode 8 when the optical disk 6B is 
accessed becomes optimal. The size of the opening 4s 
mentioned above is represented by any of the diameter 
of the circular opening for the aperture unit 9, the major- 
axis diameter and/or the minor-axis diameter of the 
elliptical opening for the aperture unit 9, and the width of 
the rectangular opening 91 A of the aperture unit 91. so 

According to the present invention, the following 
method of determining the size of the opening for each 
of the aperture unit 9. the liquid-crystal shutter 90, and 
the aperture unit 91 is found the most suitable. That is, 
the size of the opening is predetermined such that the ss 
predetermined size is suited to form an appropriate light 
spot on the recording surface of the optical disk when 
the aperture unit is placed on an optical path of the 
emission beam directed to the optical disk 



751 A2 12 

More specifically, in the above-mentioned method, 
the optical characteristics of the objective lens 5 are 
preset depending on the transparent layer thickness 
(0.6 mm) of the optical disk 6A so that an appropriate 
light spot (the diameter: 0.9 ^m) is formed on the 
recording surface of the optical disk 6 A with the 0.6-mm 
thick transparent layer. With the above objective lens 5, 
the aperture unit is placed on the optical path of the 
emission beam directed to the optical disk, and the size 
of the opening of the aperture unit is predetermined to 
be a suitable size so that an appropriate light spot (the 
diameter: 1.5 urn) is formed on the recording surface of 
the optical disk 6B with the 1.2-mm thick transparent 
layer. 

By using the optical pickup device including the 
above aperture unit with the opening of the predeter- 
mined size, it can be confirmed by experiment that it 
effectively read out data from each of the optical disks 
6A and 6B without producing the undesired reduction of 
the amplitude of the read-data signal generated by the 
photodetector 8. 

Further, in the optical pickup device of the present 
embodiment, when the optical disk 6B is accessed, the 
photodiode 8 detects the central portion (SP1 in 
FIG.1F) of the reflection beam (SP) to generate a read- 
data signal based on the central portion only, and when 
the optical disk 6A is accessed, the photodiode 8 
detects both the central portion (SP1) and the periph- 
eral portion (SP2) of the reflection beam (SP) to gener- 
ate a read-data signal based on the entire reflection 
beam (SP). 

Accordingly, the optical pickup device of the present 
embodiment can effectively read out data from each of 
the optical disks 6 A and 6B by using the same device 
without producing the undesired reduction of the ampli- 
tude of a read-data signal generated by the photodiode 
8 not only when the optical disk 6A is accessed but also 
when the optical disk 6B is accessed. 

FIGS.7A and 7B show a portion of an optical pickup 
device in another embodiment of the present invention. 
In FIGS. 7 A and 7B, the elements which are the same as 
corresponding elements in FIG.1A are designated by 
the same reference numerals, and a description thereof 
will be omitted. 

Referring to FIG.7A, the reflection beam 100 from 
the optical disk is reflected to the detecting lens 7 by the 
beam splitter 3. The reflection beam 100 is converted 
into the converging beam by the detecting lens 7, and 
the converging beam enters a photodetecting unit 80. 

Referring to FIG.7B, the photodetecting unit 80 
includes a first detecting area "BS" which detects the 
central portion of the reflection beam 100, and a second 
detecting area "AS" which detects the peripheral portion 
of the reflection beam 100. As shown in FIG.7B. the two 
detecting areas BS and AS are arranged around the 
center of the photodetecting unit 80, and the first detect- 
ing area BS is surrounded by the second detecting area 
AS. 

In the present embodiment when the optical disk 
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SB is accessed, a read-data signal SB is generated 
based on the central portion of the reflection beam 100 
detected by the first detecting area BS. At this time, a 
read-data signal which is generated based on the 
peripheral portion of the reflection beam 100 detected 
by the second detecting area AS is eliminated. On the 
other hand, when the optical disk 6A is accessed, a sum 
of a read-data signal SB and a read-data signal SA is 
generated by the photodetecting unit 80 based on the 
entire reflection beam detected by the first detecting 
area BS and the second detecting area AS. 

In order to make effective the generation of a read- 
data signal by the photodetecting unit 80 when the opti- 
cal disk 6B is accessed, the positional relation between 
the photodetecting unit 80 and the detecting lens 7 on 
the optical axis of the detecting lens 7 is adjusted so that 
an appropriate light spot on the second detecting area 
BS is formed by the central portion of the reflection 
beam 100. 

In the above-described embodiment, the aperture 
unit 9 (not shown in FIG.7A) may or may not be placed 
on the optical path of the reflection beam directed to the 
photodetecting unit 80. If the aperture unit 9 is placed, it 
is possible for the optical pickup device of the present 
embodiment to more effectively read out data from each 
of the optical disks 6A and 6B. 

FIGS.8A through 8E show a portion of an optical 
pickup device in still another embodiment of the present 
invention. In the present embodiment, the elements in 
FIGS.8A and 8B are applied to the optical pickup device 
in FIG.7A. 

FIG.8A shows an optical element 93 which is 
shaped into a truncated cone, and FIG.8B shows an 
optical element 95 which is shaped into a truncated 
prism. One of the optical elements 93 and 95 is placed 
on the optical path between the detecting lens 7 and the 
photodetecting unit 80 in FIG.7A. FIG.8D shows a pho- 
todetecting unit 83 which is arranged in combination 
with the optical element 93 instead of the photodetect- 
ing unit 80, and FIG.8E shows a photodetecting unit 85 
which is arranged in combination with the optical ele- 
ment 95 instead of the photodetecting unit 80. FIG.8C is 
a side view of the optical element 93 (or 95) and the 
photodetecting unit 83 (or 85) which are arranged in the 
optical pickup device. 

Each of the optical elements 93 and 95 separates 
the reflection beam, directed to the photodetecting unit 
83 or 85, into the central portion and the peripheral por- 
tion by using refraction, the central portion passing 
straight and the peripheral portion being refracted to dif- 
ferent directions. 

The photodetector unit 83 includes, as shown in 
FIG.8D, a first detecting area "BS1" which detects the 
central portion of the reflection beam, and a second 
detecting area "AS1" which detects the peripheral por- 
tion of the reflection beam. The two detecting areas BS1 
and AS1 are arranged around the center of the photo- 
detecting unit 83, and the first detecting area BS1 is sur- 
rounded by the second detecting area AS1 . 
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In the optical pickup device including the optical ele- 
ment 93 and the photodetecting unit 83, when the opti- 
cal disk 6B is accessed, a read-data signal SB1 is 
generated based on the central portion detected by the 

5 first detecting area BS1 . At this time, a read-data signal 
which is generated based on the peripheral portion 
detected by the second detecting area ASl is elimi- 
nated. On the other hand, when the optical disk 6A is 
accessed, a sum of a read-data signal SB1 and a read- 

w data signal SA1 is generated by the photodetecting unit 
80 based on the entire reflection beam detected by the 
first detecting area BS1 and the second detecting area 
AS1. 

Also, the photodetector unit 85 includes, as shown 

75 in FIG.8E, a first rectangular detecting area "BS1 " which 
detects the central portion of the reflection beam, and a 
plurality of second rectangular detecting areas "AS2", 
"AS3", "AS4" and "AS5 W which detect the peripheral 
portion of the reflection beam. These areas BS1 and 

20 AS2-AS5 are arranged around the center of the photo- 
detecting unit 85, and the area BS1 is surrounded by 
the areas AS2-AS5. 

In the optical pickup device including the optical ele- 
ment 95 and the photodetecting unit 85, when the opti- 

25 cal disk 6B is accessed, a read-data signal SB1 is 
generated based on the central portion detected by the 
detecting area BS1. When the optical disk 6A is 
accessed, a sum of a read-data signal SB1 and read- 
data signals SA2-SA5 is generated by the photodetect- 

30 ing unit 85 based on the entire reflection beam detected 
by the detecting area BS1 and the detecting areas AS2- 
AS5. 

FIGS.9A, 9B and 9C show a portion of an optical 
pickup device in a further embodiment of the present 

35 invention. In FIGS.9A, 9B and 9C, the elements which 
are the same as corresponding elements in FIG.1 A are 
designated by the same reference numerals, and a 
description thereof will be omitted. 

The optical pickup device of the present embodi- 

40 ment uses a diffraction unit 97 in FIG.9A instead of the 
aperture unit 9 in FKB.1A. The diffraction unit 97 sepa- 
rates the reflection beam 100, directed to the photode- 
tecting unit, into the central portion and the peripheral 
portion by using diffraction. 

45 The diffraction unit 97 indudes a transparent area 
97A and a diffraction grating 97B, the diffraction grating 
97B surrounded by the transparent area 97 A. The 
peripheral portion of the reflection beam 100 passes 
through the transparent area 97A of the diffraction unit 

so 97 to the photodetector unit. The center portion of the 
reflection beam 100 is converted into a diffraction beam 
by the diffraction grating 97B, the diffraction beam pass- 
ing in a predetermined direction different from the direc- 
tion of the peripheral portion. 

55 A preferred example of the diffraction grating 97B is 
a hologram diffraction grating or a blaze-type diffraction 
grating having a nearly 100% diffraction efficiency. 

Further, the optical pickup device of the present 
embodiment uses a photodetecting unit 87 in FIG.9C 
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instead of the photodiode 8 in FIG.1 A. The reflection 
beam 100 from the optical disk is reflected to the diffrac- 
tion unit 97 by the beam splitter 3. The reflection beam 
1 00 is separated into the central portion and the periph- 
eral portion by the diffraction unit 97 by using diffraction, 5 
as described above. 

The peripheral portion of the reflection beam from 
the diffraction unit 97 is converted into the converging 
beam by the detecting lens 7, and the converging beam 
enters the photodetecting unit 87 at a first position. The 10 
diffraction beam (the central portion of the reflection 
beam) from the diffraction unit 97 is also converted into 
the converging beam by the detecting lens 7, and the 
converging beam passing in the predetermined direc- 
tion enters the photodetecting unit 87 at a second posi- is 
tion different from the first position of the above 
peripheral portion. 

As shown in FIG.9C, the photodetecting unit 87 has 
a first detecting area 87A which detects the peripheral 
portion of the reflection beam, and a second detecting 20 
area 87B which detects the central portion of the reflec- 
tion beam. The two detecting areas 87A and 87B oi the 
photodetecting unit 87 are arranged such that they are 
separate from each other. 

Similarly to the previously-described embodiments. 25 
in the present embodiment, when the optical disk 6B is 
accessed, a read-data signal is generated by the photo- 
detecting unit 87 based on the central portion of the 
reflection beam detected by the second detecting area 
87B. At this time, a read-data signal generated based 30 
on the peripheral portion of the reflection beam 
detected by the first detecting area 87A is eliminated. 
On the other hand, when the optical disk 6A is 
accessed, a sum of a first read-data signal and a sec- 
ond read-data signal is generated by the photodetecting 35 
unit 87 based on the entire reflection beam detected by 
the first and second detecting areas 87A and 87B. 

FIGS. 1 0A and 10B show a portion of an optical 
pickup device in another embodiment of the present 
invention. In FIGS.10A, 10B and IOC, the elements 40 
which are the same as corresponding elements in 
FIG.1A are designated by the same reference numer- 
als, and a description thereof will be omitted. 

In the present embodiment a reflection unit 99 in 
FIG. 1 0A is used in the optical pickup device instead of 45 
the aperture unit 9 in FIG.1 A. The reflection unit 99 sep- 
arates the reflection beam 100, directed to the photode- 
tecting unit into the central portion and the peripheral 
portion by using reflection. 

The reflection unit 99 includes a transparent area so 
99A and a reflection mirror 99B, the reflection mirror 
99B surrounded by the transparent area 99A. The 
peripheral portion of the reflection beam 100 passes 
through the transparent area 99A of the reflection unit 
99 to a photodetecting unit. The center portion of the ss 
reflection beam 100 is reflected to another photodetect- 
ing unit by the reflection mirror 99B, the reflected beam 
passing in a predetermined direction different from the 
direction of the peripheral portion. 



As shown in FIG.10B, the reflection unit 99 is 
placed in a 45° slanting condition on the optical path of 
the reflection beam from the beam splitter 3 and the 
detecting lens 7. A first photodiode 80 A and a second 
photodiode 80B are used in the optical pickup device of 
the present embodiment instead of the photodiode 8 in 
FIG.1 A. Further, a second detecting lens 7B is placed 
on an optical path of the reflected beam from the reflec- 
tion unit 99 to the second photodiode 80B, in addition to 
the detecting lens 7. The reflection beam 100 from the 
optical disk is reflected to the reflection unit 99 by the 
beam splitter 3. As described above, the reflection 
beam 100 is separated into the central portion and the 
peripheral portion by the reflection unit 99 by using dif- 
fraction. 

The peripheral portion of the reflection beam from 
the transparent area 99 A of the reflection unit 99 is con- 
verted into a converging beam by the detecting lens 7, 
and the converging beam enters the first photodiode 
80A. Similarly, the reflected beam (the central portion of 
the reflection beam) from the reflection mirror 99B is 
converted into a converging beam by the second detect- 
ing lens 7B, and the converging beam enters the sec- 
ond photodiode 80B. 

In the present embodiment when the optical disk 
6B is accessed, the converging beam (the central por- 
tion of the reflection beam) from the second detecting 
lens 7B is detected by the second photodiode 8OB, and 
a read-data signal is generated by the second photodi- 
ode 80B based on the central portion of the reflection 
beam. At this time, the generation of a read-data signal 
based on the peripheral portion of the reflection beam 
by the second photodiode 80B is inhibited. On the other 
hand, when the optical disk 6A is accessed, the con- 
verging beam (the peripheral portion of the reflection 
beam) from the detecting lens 7 is detected by the first 
photodiode 80 A, and a sum of a first read-data signal 
and a second read<lata signal is generated by the first 
photodiode 80A and the second photodiode 80B based 
on the entire reflection beam. 

In the above-described embodiments in FIGS. 1 A, 
7A, 9B and 10B, the detecting lens 7 and the second 
detecting lens 7B are used to convert the reflection 
beam into a converting beam so that the converting 
beam correctly enters the photodetecting unit. When 
the size of the photodetecting unit is small, the detecting 
lens 7 and/or the second detecting lens 7B must be 
included in order to correctly detect the reflection beam 
from the optical disk. However, when a photodetecting 
unit having an adequately great size to detect the entire 
reflection beam is used, it is possible to omit the detect- 
ing lens 7 and/or the second detecting lens 7B from the 
optical pickup device. 

Next, FIGS.11A and 11B show an optical pickup 
device to which a further embodiment of the present 
invention is applied. In FIGS.1 1 A and 1 1 B, the elements 
which are the same as corresponding elements in 
FK3.1 A are designated by the same reference numer- 
als, and a description thereof will be omitted. 
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Referring to FIG. 11 A, a light emission/detection 
unit 21 includes a laser diode 21 A and a photodiode 
21B. The laser diode 21 A emits an emission beam 
which is directed to an optical disk. The photodiode 21 B 
detects a reflection beam which is reflected off from the 5 
optical disk, and generates a read-data signal based on 
the reflection beam. In this embodiment the laser diode 
21 A and the photodiode 21 B are packaged in a single 
unit. 

As shown in FiG.11 A, the iight emission/detection 10 
unit 21 has a window portion to which a cover glass 21 C 
is attached. The emission beam and the reflection beam 
pass through the cover glass 21 C. 

Referring to FIG.1 1B, the emission beam (which is 
a linearly polarized light) from the light emission/detec- is 
tion unit 21 passes through a polarization hologram 22 
to a quarter-wave plate 23. The emission beam is con- 
verted into a circularly polarized light by the quarter- 
wave plate 23. The circularly polarized light from the 
quarter-wave plate 23 is deflected to the objective lens 20 
5 by the deflection prism 4. The deflected beam from 
the deflection prism 4 is converted into a converging 
beam by the objective lens 5. The converging beam 
from the objective lens 5 passes through the transpar- 
ent layer 62 of the optical disk 6A (or 6B). and a light 25 
spot on the recording surface 60 (or 61) of the optical 
disk is formed. 

Similarly to the previous embodiment in FIG.1 A, the 
optical characteristics of the objective lens 5 in FIG. 1 1 B 
are preset based on the thickness (0.6 mm) of the trans- 30 
parent layer 62 of the optical disk 6A. Therefore, when 
the optical disk 6A is accessed, the light spot on the 
recording surface 60 of the optical disk 6A is correctly 
formed. 

A reflection beam from the optical disk passes 35 
through the objective lens 5. and it is deflected by the 
deflection prism 4 to the quarter-wave plate 23. The 
reflection beam (which is a circularly polarized iight) 
from the deflection prism 4 is converted into a linearly 
polarized light by the quarter-wave plate 23. The linearly 40 
polarized light from the quarter-wave plate 23 enters the 
polarization hologram 22. 

The linearly polarized light from the quarter-wave 
plate 23 is deflected to the photodiode 21 B of the light 
emission/detection unit 21 by the polarization hologram 45 
22. The polarized light of the reflection beam when 
entering the polarization hologram 22 has a plane of 
polarization shifted 90° from a plane of polarization of 
the linearly polarized light of the emission beam from 
the laser diode 21 A. Therefore, the polarized light is so 
deflected to the photodiode 21 B by the polarization 
hologram 22. 

FIG.1 2 shows the polarization hologram 22 of the 
optical pickup device in FIGS. 1 1 A and 1 1 B. 

Referring to FIG. 12, the polarization hologram 22 ss 
has a hologram area 22A which deflects the central por- 
tion of the reflection beam 100 to the photodiode 21 B by 
using polarization. Thus, the central portion of the 
reflection beam 100 from the hologram area 22A enters 



the photodiode 21 B. The peripheral portion of the 
reflection beam 100 passes through a peripheral area of 
the polarization hologram 22, other than the hologram 
area 22A, without deflection. Thus, the peripheral por- 
tion of the reflection bea^Ti 100 from the peripheral area 
of the polarization hologram 22 does not enter the pho- 
todiode 2 IB. 

As described above, the optical characteristics of 
the objective lens 5 are preset based on the thickness 
(0.6 mm) of the transparent layer 62 of the optical disk 
6A, and the light spot on the recording surface 60 of the 
optical disk 6A is correctly formed. Therefore, when the 
disk 6A is accessed, the polarization hologram 22 con- 
verts the reflection beam 100 directed to the photodiode 
21 B such that the reflection beam 100 is allowed to 
enter the photodiode 21 B by using the above polariza- 
tion. On the other hand, when the optical disk 6B is 
accessed, the polarization hologram 22 converts the 
reflection beam directed to the photodiode 21 B such 
that the central portion of the reflection beam 100 is 
allowed to enter the photodiode 8 by using the above 
polarization, and the peripheral portion of the reflection 
beam 100 is inhibited from entering the photodiode 8. 

In the embodiment in FIG.1 A, the detection of a 
focus error signal and a tracking error signal is per- 
formed separately from the read-data signal generated 
by the photodiode 8 based on the reflection beam from 
the optical disk. In the following embodiment, by using a 
polarization hologram 220 and a photodetecting unit 
21 0B, it is possible to generate a focus error signal and 
a tracking error signal as well as a read-data signal 
based on the reflection beam from the optical disk with 
no need for the focus error detecting unit or the tracking 
error detecting unit. Next, a description of this embodi- 
ment will be given below. 

FIGS.13A and 13B show another polarization holo- 
gram 220 and another photodetecting unit 210B for use 
in the optical pickup device in FIG. 1 1 B. 

Referring to FIGS.13A and 13B, the polarization 
hologram 220 has a hologram area 220A which deflects 
the central portion of the reflection beam 100 to the pho- 
todiode 21 B. the hologram area 220A is divided into 
three holograms 20A, 20B and 20C, the hologram 20A 
located at an upper half portion of the hologram area 
220A, and the holograms 20B and 20C located at lower 
quarter portions of the hologram area 220A. Also, the 
photodetecting unit 21 0B is divided into four light detect- 
ing areas "a" through "d", the light detecting areas 
located as shown in FIG.13B. 

As shown in FIG.1 3B, in the present embodiment, 
an upper half of the centra! portion of the reflection 
beam from the optical disk is deflected by the hologram 
20A of the polarization hologram 220 to the photode- 
tecting unit 21 0B, and the deflected reflection beam 
from the hologram 20A enters around the boundary 
between the light detecting areas "a" and V of the pho- 
todetecting unit 21 0B. Lower quarters of the central por- 
tion of the reflection beam 100 from the optical disk are 
deflected by the holograms 20B and 20C to the photo- 
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detecting unit 21 OB, and the deflected reflection beams 
from the holograms 20B and 20C enter the light detect- 
ing areas "c" and "d" of the photodetecting unit 21 OB, 
respectively. 

Since the light detecting areas "a" and "b" output a 
first signal Sa and a second signal Sb based on the cen- 
tral portion of the reflection beam from the optical disk, 
a focus error signal can be obtained by generating the 
difference *Sa - Sb" between the first and second sig- 
nals Sa and Sb by utilizing a known knife-edge method. 
Since the light detecting areas "c" and "d" output a third 
signal Sc and a fourth signal Sd based on the reflection 
beam from the optical disk, a tracking error signal can 
be obtained by generating the difference "Sc - Sd" 
between the third and fourth signals Sc and Sd by utiliz- 
ing a known push-pull method. Further, in the present 
embodiment, a read-data signal can be obtained by 
generating the sum "Sa + Sb +.Sc + Sd " of the signals 
Sa, Sb, Sc and Sd for each of the optical disks 6A and 
6B. 

In the present embodiment, when the optical disk 
6B with the greater transparent layer thickness (1 .2 mm) 
is accessed, the generation of the read-data signal 
based on the reflection beam is suitably performed by 
using the polarization hologram 220 and the photode- 
tecting unit 21 OB. However, when the optical disk 6 A 
with the smaller transparent layer thickness {0.6 mm) is 
accessed, the amplitude of the read-data signal gener- 
ated by the photodetecting unit 21 OB is reduced due to 
the use of the polarization hologram 220. 

in order to eliminate the above-mentioned problem 
when the optical disk 6A is accessed, a waveform 
equalizer circuit may be added to the optical pickup 
device of the present embodiment The amplitude of the 
signal output by the photodetecting unit 21 OB can be 
electrically corrected by the waveform equalizer circuit. 

FIG. 14 shows a further polarization hologram 221 
and a further photodetecting unit 21 1B for use in the 
optical pickup device in FIG.1 1 B. In the present embod- 
iment, the elements of the optical pickup device which 
are the same as corresponding elements in FIG.1 IB 
are not shown in FIG.14 and a description thereof will 
be omitted for the sake of convenience. 

In the present embodiment, it is also possible to 
eliminate the above-mentioned problem when the opti- 
cal disk 6A is accessed by using the polarization holo- 
gram 221 and the photodetecting unit 21 1 B. 

Referring to FK3.14, the polarization hologram 221 
has a hologram area 221 A which deflects the central 
portion of the reflection beam 100 to the photodetecting 
unit 21 1 B, and a hologram area 221 B which deflects the 
peripheral portion of the reflection beam to the photode- 
tecting unit 21 1B. The hologram area 221 A is divided 
into three holograms 20A, 20B and 20C similarly to the 
embodiment in FIGS.13A and 13B. The photodetecting 
unit 211B is divided into five light detecting areas "a m 
through V*. 

As shown in FIG.14, in the present embodiment, an 
upper half of the central portion of the reflection beam 



from the optical disk is deflected by the hologram 20A to 
the photodetecting unit 21 1B, and the deflected reflec- 
tion beam from the hologram 20 A enters around the 
boundary between the light detecting areas "a" and "b f " 

5 of the photodetecting unit 21 1B. Lower quarters of the 
central portion of the reflection beam from the optical 
disk are deflected by the holograms 20B and 20C to the 
photodetecting unit 210B, and the deflected reflection 
beams from the holograms 20B and 20C enter the light 

10 detecting areas "c" and "d'" of the photodetecting unit 
21 1 B, respectively. Further, the peripheral portion of the 
reflection beam from the optical disk is deflected by the 
hologram area 221 B to the photodetecting unit 21 1B, 
and the deflected reflection beam enters the light 

75 detecting area "e™ of the photodetecting unit 21 1 B. 

Since the light detecting areas "a m and T> m output a 
first signal Sa and a second signal Sb based on the 
reflection beam from the optical disk, a focus error sig- 
nal can be obtained by generating the difference "Sa - 

20 Sb" between the signals Sa and Sb by utilizing the 
known knife-edge method. Since the light detecting 
areas V and "d" output a third signal Sc and a fourth 
signal Sd based on the reflection beam from the optical 
disk, a tracking error signal can be obtained by generat- 
es ing the difference "Sc - Sd" between the signals Sc and 
Sd by utilizing the known push-pull method. The light 
detecting area "e m outputs a fifth signal Se based on the 
periperal portion of the reflection beam from the optical 
disk. Further, in the present embodiment, when the opti- 

30 cal disk 6B is accessed, a read-data signal can be 
obtained by generating the sum " Sa + Sb + Sc + Sd " of 
the signals Sa. Sb, Sc and Sd, and when the optical disk 
6A is accessed, a read-data signal can be obtained by 
generating the sum "Sa + Sb + Sc + Sd + Se - of the 

35 signals Sa, Sb, Sc, Sd and Se. 

In the present embodiment, when each of the opti- 
cal disks 6A and 6B is accessed, the generation of the 
read-data signal based on the reflection beam is suita- 
bly performed by using the polarization hologram 221 

40 and the photodetecting unit 21 1 B. 

Next, FIG. 1 5 shows a variation of the optical pickup 
device in FIG.1 1B. In FIG.15, the elements which are 
the same as corresponding elements in FIG. 11 B are 
designated by the same reference numerals, and a 

45 description thereof will be omitted. 

Referring to FIG.15* the collimator lens 2 is pro- 
vided on an optical path of the emission beam from the 
light source (the laser diode 21 A) to the objective lens 5. 
The collimator lens 2 converts the emission beam from 

so the light source 21 A into a parallel beam, the parallel 
beam passing through the polarization hologram 22 to 
the quarter-wave plate 23. 

In the present embodiment, the polarization holo- 
gram 22 is placed between the collimator lens 2 and the 

55 objective lens 5. Also, the quarter-wave plate 23 is 
placed between the polarization hologram 22 and the 
objective lens 5. 

In the case of the optical pickup device in FIG.1 1B, 
no collimator lens is provided on the optical path of the 
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emission beam. If a distance between the laser diode 
21 A and the photodiode 21 B in the direction B perpen- 
dicular to the optical path is about 1 mm and a distance 
between the polarization hologram 22 and the laser 
diode 21 A in the direction A parallel to the optical path is 
about 5 mm, a deflection angle required for the polariza- 
tion hologram 22 to make the polarized light of the 
center portion of the reflection beam correctly converge 
on the photodiode 21 B is about 11.5 degrees. The 
deflection angle in this case is relatively great, and it is 
difficult that the size of the optical pickup device be 
reduced. 

In the case of the optical pickup device in FIG. 15, 
the collimator lens 2 is provided, and this allows the size 
of the optical pickup device of the present embodiment 
to be reduced. If a focal length of the collimator lens 2 is 
about 16 mm, the distance between the laser diode 21 A 
and the photodiode 21 B in the direction B is about 1 mm 
and the distance between the polarization hologram 22 
and the laser diode 21 A in the direction A is about 5 
mm, the deflection angle required tor the polarization 
hologram 22 to make the polarized light of the center 
portion of the reflection beam correctly converge on the 
photodiode 21 B is about 3.6 degrees which is rather 
smaller than the deflection angle of the embodiment in 
FIG.11B. Therefore, it is possible for the present 
embodiment to considerably reduce the size of the opti- 
cal pickup device. 

FIG. 16 shows another variation of the optical 
pickup device in FIG.11B. In FIG. 16, the elements 
which are the same as corresponding elements in 
FIG.1 1B are designated by the same reference numer- 
als, and a description thereof will be omitted. 

Referring to FIG. 16, a polarization hologram 22 A is 
attached to the window portion of the light emis- 
sion/detection unit 21 by using adhesive agent so that 
the laser diode 21 A, the photodiode 21 B, and the polar- 
ization hologram 22A are integrally formed with the light 
emission/detection unit 21 . Further, the collimator lens 2 
is provided on the optical path of the emission beam 
from the laser diode 21 A to the objective lens 5. The col- 
limator lens 2 converts the emission beam from the light 
source 21 A into a parallel beam, the parallel beam 
entering the quarter-wave plate 23. 

Since the laser diode 21 A, the photodiode 21 B, and 
the polarization hologram 22A are integrally formed with 
the light emission/detection unit 21 , it is possible for the 
present embodiment to further reduce the size of the 
optical pickup device. 

FIG.1 7 shows a further light emission/detection unit 
21 for use in the optical pickup device in FIGS. 1 1B. In 
FIG. 17, the elements which are the same as corre- 
sponding elements in FIG.1 1 A are designated by the 
same reference numerals, and a description thereof will 
be omitted. 

Referring to FIG.17, the light emission/detection 
unit 21 includes the laser diode 21A, the photodiode 
21 B, the polarization hologram 22A, and a quarter-wave 
plate 23A which are arranged within a single unit. The 



r 4 751 A2 22 

polarization hologram 22A is attached to the window 
portion of the light emission/detection unit 21 by using 
adhesive agent. Further, the quarter-wave plate 23A is 
attached to the polarization hologram 22A by using 

5 adhesive agent. 

Since the light source 21 A, the photodetecting unit 
21 B, the polarization hologram 22A, and the quarter- 
wave plate 23A are integrally formed in the light emis- 
sion/detection unit 21, the size of the optical pickup 

io device can be reduced and the structure thereof can be 
simplified. Therefore, the optical pickup device of the 
present embodiment uses a simple structure which is 
useful to reduce the cost or allow an efficient manufac- 
ture of the optical pickup device. 

is Further, in the above embodiments in FIG. 12 (or 
FIG.13A, FIG.14), the polarization hologram 22 (or 220, 
221) includes the hologram 22A (or 220 A, 221 A) which 
is shaped into a circle, the circle having a center on the 
optical path of the reflection beam. However, the holo- 

20 gram 22A (or 220A, 221 A) of the present invention is not 
limited to these embodiments. A polarization hologram 
having a hologram shaped into an ellipse, the ellipse 
having a center on the optical path of the reflection 
beam, may be suitably used by the optical pickup device 

25 of the present invention. 

FIG. 19 shows a further polarization hologram 22B 
for use in the optical pickup device in FIG:11B. In 
FIG. 19, the direction parallel to a track of the optical disk 
is indicated by an arrow "A", and the direction perpen- 

30 dicular to the direction of the track of the optical disk-is 
indicated by an arrow "B". 

As shown in FIG.19, the polarization hologram 22B 
has a rectangular hologram 22B1 which detects the 
central portion of the reflection beam 100 from the quar- 

35 ter-wave plate 23. The rectangular hologram 22B1 
extends in the direction "A" parallel to a track of the opti- 
cal disk. In the present embodiment, the polarization 
hologram 22B in FIG.19 is used instead in the optical 
pickup device in FIG.1 1 B. 

40 In the present embodiment, the rectangular holo- 
gram 22B1 deflects the center portion of the reflection 
beam to the photodetecting unit 21 B when each of the 
optical disks 6A and 6B is accessed. The rectangular 
hologram 22B1 has an advantageous feature which is 

45 the same as that of the aperture unit 91 shown in FK3.5. 
For details of the advantageous feature of the aperture 
unit 91 , see the above description thereof with reference 
to FIGS.6A, 6B and 6C. 

Further, the present invention is not limited to the 

so above-described embodiment, and variations and mod- 
ifications may be made without departing from the 
scope of the present invention. 

Claims 

55 

1 . An optical pickup device for accessing each of a 
first optical disk having a transparent layer with a 
first thickness and a second optical disk having a 
transparent layer with a second, greater thickness, 
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comprising: 

a light source (1) for emitting a laser beam to 
an optical disk; 

an objective lens (5) for converting the emis- s 
sion beam from the light source into a converg- 
ing beam, said converging beam passing 
through a transparent layer of the optical disk 
and forming a light spot on a recording surface 
of the optical disk, said objective lens having 10 
optical characteristics which are preset 
depending on the first thickness of the first opti- 
cal disk; 

photodetecting means (8) for generating a 
read-data signal based on a reflection beam 75 
from the optical disk; and 
beam converting means for converting a reflec- 
tion beam directed to said photodetecting 
means such that the reflection beam is allowed 
to enter said photodetecting means when the 20 
first optical disk is accessed, and a central por- 
tion of the reflection beam is allowed to enter 
said photodetecting means and a peripheral 
portion of the reflection beam is inhibited from 
entering said photodetecting means when the 25 
second optical disk is accessed. 

2. The optical pickup device according to claim 1, 
characterized in that said optical pickup device fur- 
ther comprises: 30 

setting means (10) for setting said beam con- 
verting means in one of a first condition in 
which the central portion and the peripheral 
portion are allowed to enter said photodetect- . 35 
ing means and a second condition in which the 
peripheral portion is inhibited from entering 
said photodetecting means and the central por- 
tion is allowed to enter said photodetecting 
means. 40 

3. The optical pickup device according to claim 1, 
characterized in that said beam converting means 
comprises an aperture unit (9) having a light-shad- 
ing plate with an opening, said light-shading plate 45 
being placed on an optical path of the reflection 
beam directed to the photodetecting means when 
the second optical disk is accessed, so that said 
light-shading plate inhibits the peripheral portion 
from entering the photodetecting means and said so 
opening allows the central portion to enter the pho- 
todetecting means. 

4. The optical pickup device according to claim 1, 
characterized in that said beam converting means ss 
comprises a liquid-crystal shutter (90) having an 
opening, said liquid-crystal shutter being electri- 
cally set in one of a first condition in which the cen- 
tral portion and the peripheral portion are allowed to 



A2 24 

pass through said shutter to said photodetecting 
means and a second condition in which the periph- 
eral portion is inhibited by said shutter from enter- 
ing said photodetecting means and only the central 
portion is allowed to pass through said opening to 
said photodetecting means. 

5. The optical pickup device according to claim 1, 
characterized in that said beam converting means 
comprises an aperture unit (9, 91) having a light- 
shading plate with an opening, said opening being 
shaped into one ot a circle and an ellipse. 

6. The optical pickup device according to claim 1, 
characterized in that said beam converting means 
comprises an aperture unit (91) having a pair of 
light-shading plates and a rectangular opening 
between the light shading plates, said rectangular 
opening extending in a direction parallel to a track 
of the optical disk. 

7. The optical pickup device according to claim 1, 
characterized in that said beam converting means 
comprises an aperture unit <9, 91) having a light- 
shading plate with an opening, said opening having 
a predetermined size which is suited to form an 
appropriate light spot on the recording surface for 
each of the first and second optical disks when said 
aperture unit is placed on an optical path of the 
emission beam directed to the optical disk. 

8. The optical pickup device according to claim 1, 
characterized in that said photodetecting means 
(80) includes a first detecting area and a second 
detecting area which selectively generate a read- 
data signal based on the reflection beam from the 
optical disk such that, when the second optical disk 
is accessed, said first detecting area detects the 
central portion of the reflection beam to generate a 
read-data signal based on the central portion, and 
when the first optical disk is accessed, said first 
detecting area and said second detecting area 
detect the central portion and the peripheral portion 
to generate a read-data signal based on the entire 
reflection beam. 

9. The optical pickup device according to claim 8, 
characterized in that said first detecting area is 
arranged to detect the central portion of the reflec- 
tion beam, and said second detecting area is 
arranged to detect the peripheral portion of the 
reflection beam, said first detecting area being sur- 
rounded by said second detecting area. 

10. The optical pickup device according to claim 8. 
characterized in that said beam converting means 
separates the reflection beam, directed to the pho- 
todetecting means, into the central portion and the 
peripheral portion by using refraction, said beam 
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converting means comprising an optical element 
(93, 95), said optical element being shaped into one 
of a truncated cone and a truncated pyramid. 

11. The optical pickup device according to claim 8, s 
characterized in that said beam converting means 
(97) separates the reflection beam, directed to the 
photodetecting means, into the central portion and 
the peripheral portion by using diffraction, said 
beam converting means comprising a diffraction 10 
grating (97B) surrounded by a transparent area 
(97A). 

12. The optical pickup device according to claim 8, 
characterized in that said beam converting means 75 
(99) separates the reflection beam, directed to the 
photodetecting means, into the central portion and 
the peripheral portion by using reflection, said 
beam converting means comprising a reflection 
mirror (99B) surrounded by a transparent area 20 
(99A). 

13. The optical pickup device according to claim 1, 
characterized in that said beam converting means 
comprises a quarter-wave plate (23) and a polariza- 25 
tion hologram (22), said polarization hologram 
being placed on an optical path of the emission 
beam from the light source to the quarter-wave 
piate, said polarization hologram transmitting the 
emission beam from said light source to the optical 30 
disk without deflection, and deflecting a polarized 
light of the center portion of the reflection beam 
from the quarter-wave plate to said photodetecting 
means. 

35 

14. The optical pickup device according to claim 13, 
characterized in that said photodetecting means 
(22, 220, 221) includes a first detecting area and a 
second detecting area which selectively generate a 
read-data signal based on the reflection beam from 40 
the optical disk such that when the second optical 
disk is accessed, said first detecting area detects 
the central portion of the reflection beam to gener- 
ate a read-data signal based on the central portion, 
and when the first optical disk is accessed, said first 45 
detecting area and said second detecting area 
detect the central portion and the peripheral portion 

to generate a sum of first and second read-data sig- 
nals based on the entire reflection beam. 

50 

15. The optical pickup device according to claim 13, 
characterized in that said optical pickup device fur- 
ther comprises: 

a collimator lens (2) provided on an optical path 55 
of the emission beam from the light source to 
the objective lens, said collimator lens convert- 
ing the emission beam from the light source 
into a parallel beam, said parallel beam pass- 
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ing through the polarization hologram to the 
quarter-wave plate, 

wherein said polarization hologram (22) is 
placed between the collimator lens and the objec- 
tive lens. 

16. The optical pickup device according to claim 13, 
characterized in that said polarization hologram 
(22 A) is attached to a window portion (21C) of a 
light emission/detection unit (21), and that said light 
source (21 A), said photodetecting means (21 B), 
and said polarization hologram (22A) are integrally 
formed with said light emission/detection unit. 

17. The optical pickup device according to claim 16, 
characterized in that said quarter-wave plate (23A) 
is further attached to said polarization hologram 
(22A) so that said light source <21 A), said photode- 
tecting means (21 B), said polarization hologram 
(22A), and said quarter-wave plate (23A) are inte- 
grally formed with said light emission/detection unit. 

18. The optical pickup device according to claim 13, 
characterized in that said polarization hologram 
(22 B) comprises a rectangular hologram (22B1) 
which transmits the emission beam from the light 
source to the optical disk and deflects a polarized 
light of the central portion of the reflection beam 
from the quarter-wave plate to the photodetecting 
means, said rectangular hologram extending in a 
direction parallel to a track of the optical disk. 

19. The optical pickup device according to claim 13, 
characterized in that said photodetecting means 
(21 OB) is divided into a plurality of light detecting 
areas which detect the central portion of the reflec- 
tion beam from said polarization hologram, and that 
said photodetecting means (21 0B) and said polari- 
zation hologram (220) are arranged such that a 
focus error signal and a tracking error signal are 
obtained by generating a difference between sig- 
nals output by said plurality of light detecting areas 
based on the central portion of the reflection beam. 

20. The optical pickup device according to claim 13, 
characterized in that said light source (21 A) and 
said photodetecting means (21B) are arranged in a 
single unit (21). 
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